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® Switching device. 

00 

A switching device is characterized by having a periodical layer stnjcture of an organic insulator between a 
Opalr of electrodes and having memorizability with resF)ect to switching characteristics. The layer structure is 



fonmed of an amphiphific compound according to the LB method. 
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Switching Device 
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BACKGROUND OF THE INVENTION 
Held of the Invention 

This Invention relates to a \tm element having an organic insulating layer, namely a mu stmcture 
switching device characterized in that said organic insulating layer has a periodical layer stmcture and also 
to a three-tentiinal device have said MIM structure stwitcWng device. 

Related Background Art 

Recently, there is an increasing interest in molecular electronics in which it is attempted to apply 
functionality of organic molecules to electronic devices, etc.. and studies on the l^muir-Blodgett film 

75 film) which may be deemed to be one of the consmicfive tsdiniques for molecular electronic devices have 
been made actively. The iJ film is fbraied by laminating organic molecule layers regularly one by one and 
the film thiclcness can be controlled at a level of molecular length. Since a unifonn and homogeneous ultra- 
thin film can therefore be fomied. it has been frequently attempted to use this as an Insulating film For 
example, there are a tunnel bonding element with metaWnsulator-metal (MIIWI) structure) [ Q.L. Larldns et al 

^ '^^^1^ ^ metal-insulator-semiconductor m structure 

[e.C. Roberts et al. "Bectronics Letters". Vol. 29. pp. 489 (1984)] ; and switching element [NJ. Thomas et 
al.. "Bectronics Letters". Vol. 20. pp. 838 (1984)]. i v « w 

Although device characteristics have been investigated according to a series of these studies there has 
not been solved defidency of reproducibility and stability such as variance in characteristics for everv 

25 element and change with lapse of time. 

in the prior art investigations as mentioned above have been progressed primarily about a LB film of 
fatty acid which can be handled relatively easily. However, recently, organic materials which have overcome 
»e drawbacks of inferior heat resistance and mechanical strength in the prior art ae successively 

QSV6iOp6u« 
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SUMMARY OF THE INVENTION 



It is an object of the present invention to provide a novel switching device free from the drawbacks in 
35 the conventional switching devices having a LB film. 

The present Inventors have found that non-linear type cunent-voltage characteristics, which differ from 
those of the MIM element known in the art are obtained by liminating periodtoally molecules having a group 
relatively greater , electron level and a group having i electron l^el and then passing current in the 
direction parallel to the periodical direction in an organfe insulator thus prepared having a periodical 
40 structure of electrical potential, and that a novel switching phenomenon In electroconduction is observed 
when a sandwich structural device, in which a LB film fomied of the above molecules is sandwiched 
between conductive materials such as a metal (the device being called a MIM structure of MIM element for 
ite structure), is observed in respect of various characteristics such as material characteristics, electrical 
^aractenstira and the like. Based on these, the foregoing and other objects of the present invention have 
45 Deen attained. 

According to one aspect of the present invention, there is provWed a switching device, characterized by . 
having a periodical layer stmcture of an organic insulator between a pair of electrodes and having 
memonzability with respect to switching characteristfo. 

Accordmg to a further aspect of the present invention, there is provided a switching device, comprising 
50 a penodical layer structure of an organic insulator between a pair of electrodes, said layer being a mixed 
monomolecular film or a mixed monomolecular built-up film of an amphiphilic compound having a 
hydrocarbon chain or a polymer compound having a hydrophobfc site and a hydrophilic site and a molecule 
having an electron conjugated system. 
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According to another aspect of the present -invention, there is provided a switching device, comprising a 
pair of electrodes and a periodical layer of an insulating or semiconductive organic material between said 
* pair of electrodes, and means for applying electrical signals for controlling the switching characteristics of 
said switching device. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 Is a schematic illustration of the switching device of the present invention; 
70 Fiq2 is a characteristic graph showing the output voltage and the memory state when control signal 

is applied to the switching device of the present Invention; 

Fig. 3^ and Rg. 4 are sectional views of the switching device used in the present invention; 
Rg. 5 is a perspective view of the MIM element used in the present invention; 
Rg. 6, Rg. 11, Rg. 12 and Rg. 14 are characteristic graphs showing electrical characteristics (V/l 
75 characteristics) of the MIM elements used in the present invention; 

Rg. 7 and Rg. 13 are electrical characteristic graphs of ON-state and OFF-stale confirmed in the 
MIM elements used in the present invention; 

Rg. 8 is a schematic illustration of the metiiod for forming the organic dye insulating layer of the 
preserrt invention according to the LB method; 
20 Rg. 9a and Rg. 9b are schematic illustrations of monomolecutar films, and Rg. 10a. Rg. 10b and 

Fig. 10c are schematic illustrations of built-up films. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Generally, since most of organic materials exhibit insulating or semi-insulating characteristics, a 
remarkable diversity of organic materials may be found for tiie organic material having a group having t 
electron level applicable to the present invention. 

The dye having suitable t electron system for the presnt invention may include, in structure dyes 

30 having porphyrin structure such as phtiialocyanine. tetraphenyi-pdrphyrin, etc.; azulene dyes having a 
squariilum group and a croconicmetiiine group as a bonding chain and cyanine-fike dyes having two 
nitrogen-containing heterocyclic groups such as quinoline. benzothiazole and t>enzoxazole bonded tiirough 
a squariilum group and a croconicmethine group and a cyanine dye. a fused polycycitc aromatic 
compounds such as anthracene and pyrene; chain compounds comprising a polymer of aromatic rings and 

35 heterocyclic compounds; polymers of diacetyienic groups; further tetraquinodtmethane or tetradiiafulvalene 
derivatives and analogs thereof and charge transfer complexes thereof; and furtiier metal complex 
compounds such as ferrocene, trisblpyridyllutenium complexes, etc. 

For formation of the organic insulating layer, it is specifically possible to apply tiie vapor deposition 
metiiod or the cluster ion beam metiiod, but the LB metiiod is particularly suitable among the known prior 

40 art techniques for controllability, easiness and reproducibility. 

According to tiie LB metirod. a monomolecular film or its built-up film of an organic compound having a 
hydrophobic site and a hydrophiiic site in one molecule can be easily formed on a substrate, whereby it is 
possible to supply organic ultra-thin films which have a thickness of molecular order and are also uniform 
and homogeneous over a large area 

46 The LB method is a metiiod in which a monomolecular film or a built-up film is prepared by utilizing the 
phenomenon tiiat, in a molecule with a structure having a hydrophiiic sits and a hydrophobic site in the 
molecule, when the balance between the both (amphiphilic balance) Is adequately maintained, the molecule 
becomes a monomolecular film on the water surface with the hydrophiiic group directed downward. 

As the group constituting the hydrophobic site, there may be included various hydrophobic groups such 

50 as saturated and unsaturated hydrocartx)n groups or fused polycycllc aromatic groups and chain polycyctic 
phenyl groups which have been generally known widely in tiie art These may constitute tiie hydrophobic 
moiety either individually or as a combination of a plurality tiiereof. On the other hand, ttie most typical 
constituent of the hydrophiiic moiety may Include, hydrophiiic groups such as a carboxyl group, an ester 
group, an acid amide group, an imide group, a hydroxyl group and further amino groups (primary, 

55 secondary, tertiary and quatemary). etc. These also constitute the hydrophiiic moiety of the above molecule 
individually or as a combination of a plurality tiiereof. 
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Dye molecules having these hydrophobic and hydrophific groups in combination with good balance and 
also a ir electron systenr» with an appropriate size can.fomn a monomolecular film on water surface, and can 
be extremely suitable materials for the present invention. 

Specific examples may include the molecules as shown below. 



[i] Croconicmethine dyes: 
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Here. Ri corresponds to the group having o electron level, and also it is a long chain alkyl group 
introduced Jn order to make formation of monomolecular film on the water surface easier, its carbon number 
n being suitably 5 ;S n :S 30. Conceming the compounds mentioned ak)ove as a spedic example only their 
basic structures are shown, and various substituted derivatives of these compounds are also suitable in the 
5 present invention, as a matter of course. 



[II] Squarilium dyes: 

10 The compounds as mentioned in [I] of which croconicmethine groups are replaced with squarilium 
group having the following structure. 
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[HI] Porphyria dye compounds: 
1) 
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CH3 

-O-CHg-C-CIfe, 
^2 CHa 

-CHzNHCgHr 

M=H2,Cu, Ni, Al-C] 

on a rare earth metal ion 

R=OCH (COOH} CnH2n+i 

5^n^25 
M=H2, Cu,^i. Zn, Al-Gl 
or a rare earth metal ion 
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3) 




M=Hjs, Cu, Ni, Zn, AI-CI 
or a rare earth metal ion 



5S R is introduce?! for making formation of monomolecular film easier, and it Is not limited to the 
suljstrtuente mentioned here. Also. Ri -R4. and R correspond to the groups having a electron level as 



mentioned above. 
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[IV] Fused polycycDc aromatic compounds: 



TO 
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■ I 
COOH. 



R= C 4 H s'-^'CiaH 
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CnH2nC00H 



ff < n < 20 



N- (CH2) n-COOH 



2? ^ 

^^-C-O (CH2) n-COOH 

0) 



[V] Dtacetylene compounds: 
0 ^ n, m ^ 20 

and simultianeousty n + m > 10 

X is a hydrophific group, and generally -COOH is used, and -OH, -CONHz, etc. can also be used. 
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[VI] Others: 



1) 
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Other than those mentioned above, dye materials suitable for the LB method are also suitable for the 
present invention, as a matter of course. For example, biological materials (e.g. bacteriorhodopsin or 
chltochrome c) or synthetic polypeptides {e.g. PBLG. etc.) which have been studied increasingly popularly 
in recent years are also applicable. Such amphilic molecules form a monomolecuiar layer on the water 
5 surface with hydrophilic groups directed downward. The monomolecuiar layer on the water surface has the 
characteristics of the two-dimensional system. When the molecules are scattered sparsely, the following 
formula of the two-dimensional ideal gas is valid between the area A per one molecule and the surface 
pressure « : 

= KT. 

10 thus becoming "gas film". Here, K is the Bolzmann's constant and T is an absolute temperature. When A is 
made sufficiently small, intermolecular interactions are strengthened, whereby the molecules t}ecome 
"condensed film (or sofid film)" of a two-dimensional solid. The condensed films can be transferred one 
layer by one layer onto the surface of a substrate such as glass. By use of this method, a monolecular film 
or its built-up film can be fonned. which can be used as the insulating layer haing a periodical layer 
75 structure for the switching device of the present invention. 

Specific preparation method may be shown by, for example, the following method. 
A desired organic compound is dissolved in a solvent such as chloroform, benzene, acetonitrile, etc. 
Then, by use of an appropriate device as shown in Rg. 8. such solution is spread over the aqueous phase 

81 to fbnm the organic compound in shape of a film. 

20 Next a partitioning plate (or a buoy) is provided to prevent too broad expansion of the spreading layer 

82 through free diffusion on the aqueous phase 81. whereby the area of the spreading layer 82 is restricted 
to control the gathered state of the film material and obtain a surface pressure v in proportion to the 
gathered state. By moving the partitioning plate 83, the gathered slate of the film substance can be 
controlled by reducing the spreading area* whereby the surface pressure can be gradually elevated to be 

25 set at a surface pressure v suitable for preparation of the film. At the surface pressure constantly 
maintained, by moving vertically up and down a clean substrate 84 gentiy, monomolecuiar films of the 
organic compound are transferred onto the substrate 84. Such monomolecuiar film 91 is a film in which 
nK)iecules are arranged orderiy as schematically shown in Rg. Ba or 9b. 

The monomolecuiar film 91 can be thus produced, and a built-up film having a desired built-up number 

30 of monomolecuiar layers can be formed by repeating the above procedure. For transfer of the mon- 
omolecuiar film 91 onto the substrate 84, ottier tiian tiie above vertical dipping method, such methods as 
the horizontal lifting metiiod, the rotating cylinder metiiod, etc. may be employed. The horizontal lifting 
method is a method in which transfer is effected witii the substrate being contacted horizontally witii the 
water surface, and tiie rotating cylinder method is a method in which the monomolecuiar layer is transfenred 

35 onto the substrate surface by rotating a cyPnrical substrate on the water surface. 

In the vertical dipping metiiod as described above, when a substrate having a hycftrophillc surface is 
withdrawn in the direction transversing the water surface, a monomolecuiar layer 91 witii the hydrophilic 
sites 92 of ttie organic compound faced toward the substrate 84 side is formed on the substrate (Rg. 9b). 
When the substrate is moved vertically up and down, monomolecuiar films 91 are laminated one layer by 

40 one layer on the respective steps to form tiie built-up film 101 . Since the molecule drections of films formed 
in tiie withdrawing step and tiie dipping step are opposite to each ether, according to this metiiod tiiere Is 
formed a Y type film in which hydrophobic sites 93a and 93b of the organic compound are faced to each 
other t>etween the respective layers of monomolecuir films (Rg. 10a). In contrast according to tiie 
horizontal lifting metiiod, a monomolecuiar film 91 witii a hydrophobic sites 93 of tiie organic compound 

45 t>eing faced toward tiie substrate 84 side is formed on the substrate 84 (Rg. 9a). According to this metixxj. 
even when the monomolecuiar film 91 may be built up, ttiere is no change in the molecule directions of the 
film formed, but tiiere is formed an X type film in which tiie hydrophobic sites 93a and 93b are faced 
toward the substrate 84 side in all of tiie layers (Rg. 10b). On the contrary, a built-up film in which ttie 
hydrophilic groups 92a and. 92b in all tiie layers are faced toward the substrate 84 side is called a Z type 

50 film (Rg. 10c). 

The method for transfening monomolecuiar film 91 onto the substrate 84 is not limited to tiie atjove 
methods, and it is also possible to employ a metiiod in which a substrate is extaided into an aqueous 
phase from a roil, when employing a large area substrate. Also, ttie direction of the hydrophilic group and 
hydrophobic group toward the substrate as described above are given as general rules, and it can be also 
55 modified by tiie surface treatment of the substrate, etc. 

As described above, the potential barrier layer comprising tiie monomolecuiar film 91 or its built-up film 
101 is formed on the substrate 84. 

Also. a'MIM element'cbmprising the following constitution as the novel MIM element of the present 

11 
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Invention has been found to have excellent switching memory function. 

That Is. it is a switching .device, having a layer in which there is periodically formed mixed mm- 
omolecular films or a mixed monomolecular built-up film of an amphiphilic compound having a hydrocarbon 
chain or a polymeric compound having a hydrophobic site and a hydrophilic site in combination and a 
5 molecule having ir electron conjugated system, the layer being sandwitched between a pair of electrodes. 

Generally, since most of organic materials exhibit Insulating or semi-insulating characteristics, a 
remarkable diversity of organic materials may be found for the organic material applicable to the above MIM 
element. 

The molecule having the electron system as mentioned in the above MIM element may Include dyes 

10 having porphyrin slmcture such as phthalocyanine. tetraphenylporphylllne. etc.; azulene dyes having 
squarilium group and croconicmethine group as a bonding chain and cyanine-IIke dyes having two nitrogen- 
containing heterocyclic groups such as quinoline, benzothiazole and benzoxazole bonded through a 
squarilium group and a croconicmethine group and a cyanine dye; a fused polycyclic aromatic compound 
such as anthracene and pyrene; chain compounds comprising a polymer of aromatic rings and heterocyclic 

75 compounds ; polymers of diacetyJenIc groups; further tetraquinodlmethane or tetrathiafulvalene derivatives 
and analogs thereof and charge transfer complexes thereof; and further metal complex compounds such as 
ferrocene, trisbipyridyllutenium complexes, etc. 

Also. as the amphiphilic compound having a hydrocarbon chain, the following compounds may be 
included. The most typical constituent of the hydrophobic moiety of such amphiphilic compound Is an alkyi 

20 group, and both straight and branched alkyI groups may be available. As other groups constituting the 
hydrophobic moiety, there may be Included olefinic hydrocariaon groups such as vinylene. vinylidene, 
acetylene, etc, phenyl groups, etc. These may be used individually or as a combination of a plurality of 
groups to constitute the hydrophobic moiety. On the otfier hand, the most typical constituent of the 
hydrophilic moiety are. for example, hydrophific groups such as a carboxyl group.a sulfonic acid group and 

25 a quaternary amino group. Such amphiphilic compound has these hydrophobic and arachidic acid, stearic 
acid, omega-tricosenoic acid, diacetylene. etc. may be included. Also, the amphiphilic compound having a 
hydrocarbon chain of the present invenlon may be an amphipilic compound having unsaturated bond in a 
part or all of the hydrocarbon skelton. which may also have partteularly a substituent such as fluorine. etC; 
at said unsaturated bond site. 

30 The polymeric compound having a hydrophobic group and a hydophilic group in combination, after film 
fonnation, may be polymerized to stabifize the film. Spedfk; examples of the polymeric compound may 
Include those as set forth below. 
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H+ II II +H- 

CH 3 NCH 3 O OCH 3 NCH s 
I i 
(CH2)x-iCH8 (CHaOx-iCH 





30 

3) 

(CHz) 12 X^i =-CHO 

40 i -COOH 

CH3 

Also for formation of the aiscve MkM etement. the LB method as described at>ove is appHcabie. 

In the above MIM element, since a LB film is fomned by mixing of an amphiphtiic compound with a 
molecule having v electron conjugated system, and therefore It is rendered possible to form a molecule 
iiaving v electron conjugated system into a 13 film as the single substance, even when the molecule alone 
have not been formed into a LB film. 

in the present invention, the substrate 84 for supporting the thin film formed by lamination of inorganic 
or organic material as described above may be any of metal, glass, ceramic, plaisftic materials, etc., and 
further a biological material with remarkably low heat resistance can be also used. 
^ The substrate 84 as described above may be in any desired shape, preferably a flat plate, but it is not 
limited to flat plate at aD. This is because, in the film forming method as descrit>ed above, there is the 
advantage that the film can be formed in accordance with any shape of the surface of the substrate. 

Also, according to the LB method, the layer thickness of the insulating layer can be controlled freely at 
the molecular size order. In the present invention, switching characteristic is exhibited also in the product 
^ with a layer thickness of several A to several thousands A. and such product having a layer thickness in the 
range of 10 A to 1000 k is preferred. 

On the other hand, the electrode material having such LB film sandwitched therebetween may be one" 
having high conductivity, as exemplified by a large number of materials, including metals such as Au, Pt. 
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Ag, Pd. Al, In. Sn. Pb. etc. or alloys of these, further graphite or silicide. and further electroconductive 
oxides such as'fTO. etc. As the method for formation of electrodes by use of such materials, thin film 
techniques known in the art may be sufficiently applicable. It should be noted here that preparation or 
treatment step requiring, for example, high temperature ( >100 *»C) should be desirably avoided during 

5 further fomnation of electrodes on the LB film already formed so that no damage may be given to the LB 
layer. Also, a large number of metal materials, typically Al. In. are generally subjected to formation of 
oxidized -film on the surface when exposed in air. etc. after formation as the electrode. As the material for 
the electrode which becomes the underiayer with respect to the LB film, an electroconductive material 
which does not fonm an insulating oxidized film, such as a noble metal or oxide conductor such as ITO may 

70 be preferably used. 

The present invention is described In detail by refenring to the following Examples. 



Example 1 



IS 



On a glass substrate (#7509. produced by Coming Co.) subjected to hydrophobic treatment by being 
left to stand overnight in saturated vapor of hexamethyldisilane (HMDS). Cr was deposited as the underiayer 
to a thickness of 500 A accordng to the vacuum vapor deposition method, and further Au was vapor 
deposited (film thickness 1000 A) according to the same method to fomn base electrodes 13 (fig. 5) in 
20 shape of stripe with a width of 1 mm. With such a substrate as the carrier, monomolecular films of 
squarilium-bis-6-octyI azul^ne (SOAZ) were built* up. The- details of the built-up method are described 
below. 

The rhonomolecular film was formed by spreading over an aqueous phase of water temperature of 20 
-C with a CdCb concentration of 5 x 10"^ mol/liter controlled to pH 6.7 with KHGQ3. After evaporation of the 

25 solvent the surface pressure of such monomolecular layer was enhanced to 20 mN/m. Then while further 
maintaining this pressure constantly, the above substrate was dipped in the direction transversing the water 
surface gently at a speed of 10 mm/min.. and subsequently drawn up gently at 5 mmAnin. whereby two 
layers of Y-type monomolecular film were built-up. By repeating such procedure for an appropriate number 
of times, 8 kinds of built-up films 12 (Rg. 5) of 2. 4. 8. 12. 20. 30. 40. 60 layers were formed on the above 

30 substrate. Next, Al electrodes (film thickness of 1500 A) in shape of stripe with a width of 1 mm were vapor- 
deposited under vacuum so as to cross at right angle the base electrodes on such film surface while 
maintaining the substrate temperature at room temperature or lower to fonn upper electrodes 11 (Rg. 5)/ 

The cun-ent characteristic (V-l characteristic) when a voltage was applied between the upper and base 
electrodes of the sample having the MIM structure as prepared above (MIM element) was measured. In 

35 other samples, memorizable switching characteristic which has not been known in the art was observed 
(Fig. 6). 

Further, stable ON-state (resistance value several tens o) and OFF-state (resistance value M 0 or 
more) could be fomied. and switching of ON - OFF exhibited a certain thereshold voltage value (about 1 to 
2V/20 layers), and switching of OFF - ON occun-ed at about -2 to 5 V, and also the switching speed 1 u 
40 sec. or lower, with ON/OFF ratio (ratio of resistance value of ON-state and OFF-state) being a number of 5 
ciphers or more. 

The threshold voltage value of switching tended to become higher as the layer number of the insulating 
layer is increased. 

As the result, the switching characteristic in the 2 layer sample was unstable, while In the sample of 60 
45 layers, switching of OFF - ON occurred with difficulty. 

The thickness of one layer of S02A dye as determined from the smaK angle X-ray diffraction method 
had a value of about 15 A. 

Next, for the sample of 20 layers which exhibited rieativeiy good switching characteristic, a switching 
circuit as shown In figure 1 was constituted. 

50 The switching circuit shown in fig. 1 has a direct current bias power source 14 and a resistor 15 
connected to the switching device 1 having electroconductive films 11 and 13 and an insulating film 12 
which form a MIM structure. Further, to the switching element is connected a resistance element (or 
capacitance element) 16. To the resistance element (or capacitance element) is connected a controlling 
terminal 17 for applying control signals on the switching element 

55 In this example, the direct current voltage (2V) generated at the cun-ent bias power source 14 is 
supplied through the switching device 1 to the resistor 15. and the switching characteristic of such switching 
device is outputted at the voltage output tenninal 18 as the potential (voltage drop) occurring at the both 
temninals of the resistor 15. Further in this example, there was used as the resistor 15 exhibiting a 

14 
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resistance of 100 Q. 

Next, control signals were applied from the controiling terminal 17 througli the resistance element (or 
capacrtance element) to the electroconductive film 13. In this example, as the resistance element (or 
capacitance element), a resistor of 200 Q was used, and the pulses obtained by ampliftcation (by use of 

5 BIPOLAR OP AMP produced by KEPCO Co,) of the pulse (triangular wave) generated at the pulse 
generator (MODEL 164 produced by WAVETEK Go.) were inputted as control signals to the controlling 
terminal 17. Ihe output voltage in this case was observed with the oscilloscope (2465 produced by 
TEKTRONIX Co.) connected to the voltage output terminal 18. 

The results are shown in Rg. 2. In Rg. 2. 21 is the control signal wavefonnn inputted to the controlling 

TO terminal 17. 22 is the voltge wave-form outputted at the voltage output terminal 18. That is, as shown in Rg. 
2, it has been found that when a positive triangular pulse wave 23 having a wave height value of about 10 to 
atx)ut 20 V is applied, the switching device 1 is switched from OR^-state to ON-state, while when a negative 
triangular pulse wave 24 having a wave height value of of about 1 to 2V is applied, the switching device 1 is 
switched from ON-state fb OFF-state. Also, as shown in the Rgure, when the volt&ge of the control signal is 

15 made to be 0 V, On-state and Off-state are memorized, respectively. The out put voltage at On-state under 
the memorized state in this case was about 1.4 V. and the output voltate at OFF-state 0 V. 

From the above results, it has been made clear that a controlling terminal can be provided for the MIM 
element exhibiting the switching characteristic as shown in Rg. 6. 

20 

Example 2 

Similariy as in Example 1. a MIM (switching) element was prepared to constitute the circuit shown in 
Rg. 1. However, the number of LB film layers was made only 20 layers. Also, while in Example 1 a resistor 
was used as the resistance element (or capacitance element) 16. condensers (4 kinds of 10~^. 10*^. 10~^ 
10"* uF) were used. 

As the result, although the wave height value of the positive triangular pulse wave as used in Example 1 
was changed to 6 to 8V, it was confimned that switching from OFF-state to ON-state sufficiently occurred at 
about 6 to 8V. On the other hand, a wave height value of triangular pulse of about 1 V was necessary for 
switching from ON-state to OFF-state. Also, in this example, since the period after pulse qsplication from 
the controlling terminal 17 and before switching is increased as the capacity value of the condenser Is 
increased, the result was obtained that the capacity is desirably smaller at least in the range of 10"^ to 10*^ 
uF. 

Also, it has l^een clarified from the above results that a device exhibiting controlled switching 
characteristic can be realized with a three-terminal device (2 in Rg. 1) which is a combination of a MIM 
element and a capacitance element 



Example 3 

40 

A three^terminal device 2 having all the region enclosed with the broken line in Rg. 1 on the same 
substrate was prepared. However. In this case, a condenser was used as a resistance element (or 
capacitance element) and such condenser was formed of LB film sandwitched between Al electrodes'. The 
constitution Is schematically shown in Fig. 3. A specific preparation procedure is also shown below. 

45 On a glass substrate 84 subjected to HMDS treatment similariy as In Example 1, Or and Au were vapor- 
deposited to form a base electrode 31. Then, in the adjacent region, Al was depc^ited to a thickness of 
1000 A also according to the vacuum vapor-deposition method to form Al electrode 32. Further, a part of 
the Al electrode was contacted with the Au base electrode 31. By use of such substete 84, monomolecular 
films of S0A2 were built up (2, 4. 8, 12. 20. 30. 40. 60 layers) giving an insulating film 33 formed of the 

so built-up film of monomolecular film. Next, Al as upper electrodes 34 and 35 were vacuum-vapor-deposited 
(thickness 1500 A) on the respective regions on the film surfece having the base electrode 31 and the Al 
electrode 32 to form a three-terminal device comprising MIM element 36 and a condenser 37 connected 
thereto. 

With such three-terminal device, a measurement circuit as shown in Rg. 1 was assembled similariy as 
55 in Example 1 and its characteristics were measured to give the same result as in Example 2. This indicates 
that a three-terminal device utilizing the switching characteristics of MIM element has been realized. 

At this time, since the capacitance of the condenser was reduced (as considered) with increase iniayer 
number of LB films, controllability of switching tended to be lowered. In view of ttie characteristics inherent 

15 
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in MIM element (switching characteristic is unstable in samples with small number of layers, for example, 2 
to 4 layers), relatively good characteristics were obtained in samples with 8 to 20 layers in tKis Example. 
Also, since the MIM element and the LB film forming the condenser were made to be the same (constituent 
molecutes, layer number, preparation conditios). simultaneous formation was rendered possible. As the 
5 result, the steps of forming the device became extremely simple. 



Example 4 

70 A sample having the condeser region and the MIM element formed continuously in the verticaJ direction 
to the film surface was prepared. The constitution is schematically shown in Fig. 4 and the preparation 
procedure shown below. 

On a sufficiently washed glass substrate 84 ^«7059, produced by Coming), an Al electrode 41 
(thickness 1000 A) as a controlling tenminal for switching was formed according to the vacuum-vapor- 
is deposition method, and then LB films 42 of arachidic acid {C20) were laminated (3, 5, 9. 21, 41 and 81 
layers) on such substrate 84. Then by vapor-deposrtion of Au 500 A (Au electrode 43) on the film surface a 
condenser was fonmed. The area of the condenser region was made to be 2mm2. The LB film 42 of C20 
was obtained by spreading a chloroform solution dissolved at a concentration of 1 mgAnI over an aqueous 
phase with a CdCb concentration of 4 x 10"* mol/Trter and water temperature of 20 controlled to pH 6.3 
20 with KHCQa to form a monomolecular film, followed by building-up thereof on the above substrate 84 
according to the same conditiosn and the method as in Example 1. However, since the glass substrate and 
the surface of Al having naturally oxidized film thereon exhibit hydrophilic property, in carrying out built-up 
operations, it was necessary to dip previously the substrate into water and initiate kthe draw-up operation 
Further, after having 20 layers of SOAZ LB film built up on the substrate 84 having the Al (Al electrode 
2S 41)/C20 LB film 42^Au (Au electrode 43) laminated thereon. Al was again vapor-deposited (Al electrode 45) 
on such film surface to form a MIM element with Au (Au electrode 43)/S0A2 LB film 44/AI (Al electrode 45) 
thereby giving a sample with the constitution shown In Fig. 4. The built-up method for SOAZ LB film was 
the same as in Example 1. . 

For the sample as obtained above, measurement and evaluation were conducted similarly as in 
30 Example 2. whereby good switching characlerisfics were confirmed in samples of C20 (3 to 21 layers). In 
this Exmple, since MIM element and the condenser were laminated, the element shape (occupied area) 
could be made smaller to great extent Also, since preparation of MIM element and LB film forming the 
condenser is performed In separate steps, optimum conditions for respective elements can be selected. As 
the result, a three-tenninal switching device with excellent controllabifity and reliability could be realized. 
35 In Examples 3 and 4, there was shown an example. In which the condenser fomied of a LB film was 
made to be a part of the three-tenninal devices, but the method for fomiation of and constituent material of 
such device do not limit the present invention at all. It is possible to fonn a condenser or an organic or 
inorganic dielectric material prepared by other preparation methods (e.g. coating method of vacuum vapor 
deposition method) and apply it to the above three-tenminal device. Also, a hybrid type having a chip 
40 condenser, which has already been formed, mounted on a substrate is possible. On the other hand, without 
limitation JO condensers, it is clear that the three-tenninal device can be realized also by fonning and 
connecting a resistor, as also shown in Example 1. Of course. Its fomnation methods do not limit the present 
invention at all. 



45 



Example 5 



On a substrate of ITO subjected to etching in stripe with a 1 mm width according to the known method 
as a support, monomolecular films of lutetium diphthalocyanine [LuH(Pc)2] was built-up according to the LB 

50 mehod. A solution having dissolve LuH(Pc)2 at a concentration of 0.5 mgAnI (solvent 1A1/2 soh/ent mixture 
of chlonDfomn/trimethylbenzene/acetone) was spread over pure water, in which tiie above substrate was 
previously dipped, of water temperature of 20 "C to form a monomolecular film. After evaporation of the 
solvent, the surface pressure of such monomolecular film was enhanced to 20 mlM/m, and further while 
maintaining constantiy the pressure, tiie above substrate previously dipped was drawn up in the direction 

55 transversing the water surface gently at a speed of 3 mm/min. to build up one layer of monomolecular film 
on the electrode substrate. Subsequently, dipping-withdrawal were repeated so as to transverse the water 
surface gently at the same ascending and descenging speed of 3 mm/min. thereby fomiing 11. 21 and 31 
layers of built-up film on the ITO. Next, on such film surface were fonned Au electrode (film thickness 1000 
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A) and AI electrode (film thickness 1500 A) in stripe of a 1 mm width so as to cross at right angle the ITO 

electrode according to the vacuum-vapor-deposltion method. 

As the result of measurement of V-l characteristics of the samples as prepared above similarly as in 

Example 1. memorizable switching characteristics were observed for all of the samples prepared (Rg. 11). 
5 On the other hand, in the switching characteristics, although the resistance value at ON-state is several 

tens 0 similarly as in Example 1. the resistance value of OFF-state is smaller by about one cipher as 

compared with the case of Example 1, but a ON/OFF ratio of about a number of 4 dphers is obtained. 

Smaller resistance value at OFF-state may be considered to be due to the semiconductive properties 

possessed by LuH(Pc)2. Switching speed was 0.1 u sec. 
10 Also, since the switching characteristic is varied slightly depending on the organic dye used, such 

variance is not causes by contact with the electrodes but reflects the property of the insulating layer. 

Further, the circuit shown in Fig. 1 was constituted and switching characteristic and its controllabifity 

were measured. As the result, memorizable switching characteristics were observed for all the samples 

prerpared. 

15 Also, switching at this time of OFF ON and ON — OFF was confirmed to be controlled by application 
of pulses with wave height values of 6V, IV. respectively. 

The threshold voltage value exhibited substantially constant values irrespectively of difference in upper 
electrodes. 

20 

Examples 6-15 

By use of electrode materials, insulating materials and layer numbers thereof shown In Table 1, 
samples having the same device structure as In Example 2 were prepared. Metal electrodes were formed 
25 by vacuum-deposition according to the resistance heating method. 

Similariy as in Examples 1 and 5, V-l characteristics were measured to . obtain the results shown in 
Table 1. in the Table, memorizable switching characteristic was obsen^ed for the samples as represented 
by the mark O. 

Also, when switching characteristic of the three-terminal device was conducted similariy as In Example 
30 2. the results shown in Table 1 were obtained. As shown by the mark O in the Table, controlled 
memorizable switching characteristic was observed for most of the samples. 

In Exmpie 7, in spite of use of SOAZ as the insulating material of MIM structure similariy as In Example 
1. all of the 12 samples prepared under the same conditions exhibited only OFF-state, and no switching to 
ON-state could be confirmed. This may be considered to be due to fonnation of an insulating oxide film on 
35 tiie Sn electrode surface. 
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Example 16 

c 

On a glass substrate (#7059 produced by Coming Co.) subjected to hydrophobic treatment by being 
left to stand overnight in saturated vapor of hexamethyldisilane (HiVIDS) was formed Cr as the underiayer 
according to the vacuum-vapor-deposition method to a thtcltness of 500 A, followed further by vapor 
deposition of Au according to the same method (film thickness 1000 A) to form a base electrode in shape 
of a stripe with a width of 1 mm. On the substrate as a support, a monomolecular mixed film with a mixed 
molar ratio of arachidic add (C20) and squarilum-brs-6-octyIa2ulene (SOAZ) of i:l was built up. The details 
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of the built-up method are described below. 

After mixing a chloroform solution having C20 dissolved at 2 x 10'^ M and a chloroform solution having 
SOAZ dissoWed at 4 x 10^ M were mixed to a molar ratio of 1:1, the mixture was spread over an aqueous 
phase (pH 6.5) of water temperature of 20 •C containing 4 x 10"^ M of Cd ions to fomn a mixed 

5 monomolecular film on the water surface. After evaporation of the solvent the surface pressure of such 
mixed monomolecular film was enhanced to 20 mN/m, and further while maintaining the pressure 
constantly, the alxwe substrate was dipped in tiie direction transversing the water surface gentiy at a speed 
of 10 mm/min., and then drawn up gentiy at a speed of 5 mm/min, to build up two layers of a Y-type mixed 
monomolecular film. By repeating such operations for an appropriate number of times. 9 Idnds of mixed 

JO built-up films of 2. 4. 6, 8. 12, 20. 30. 40 and 60 layers were fonned. Immediately after film formation, 
vacuum drying at 20 "C. 1 x 10"« Torr was effected for 20 minutes. Next, on the film surface. Al electrode 
(film thickness 1500 A) shaped in a stripe of 1 mm width was vacuum-vapor-deposited so as to aoss at 
right angle the base electrode, while maintaining tiie substirate temperature at room temperature or lower, to 
form an upper electrode. 

IS When the current characteristic (V-i characteristic) when a voltage was applied between the upper and 
base electrodes of the sample having the MIM structure as prepared above (MIM element) was measured, 
in other samples, memorizable switching characteristic which has not been known in the art was observed 
(Rg. 12). Further, stable ON-state (resistance value several tens Q) and. OFF-state (resistance value M Q or 
higher) can be made, and switching of ON -* OFF exhibits a constant tiireshold voltage value (about 1 - 

20 2V/20 layers), switching of OFF ON occurs at -2 to 5 V. and also the switching speed was 1 u sec. or 
less, with the ON/OFF ratio (ratio of resistance value in ON-state and Off-state) being a number of 5 ciphers 
or more. 

The threshold voltage value of switchingjended to be Increased as tiie layer number of the insulating 
layers was increased. As tine result, switching characteristic was unstable in the two layer sample, while 
25 switching of OFF ON occunred witii difficulty in the sample of 60 layers. 



Example 17 

30 On a substrate of ITO subjected to etching in stipe with 1 mm widtii according to conventional method 
as a support, a mixed monomolecular film of diacetytene (DA) and lutetium diphtfiaiocyanlne (LuH(Pc)2) was 
built up according to the LB method. The solution used had a mixed molar ratio of 2:1. wifli the DA 
concentration being 1 x 10^ M (solvent is benzene), LuH(Pc)2 concentration being 3 x 10~* M (solvent is 
1/1/2 solvent mixture of chioroform/bimethylbenzene/acetone). The solution was spread over an aqueous 

35 phase (pH 6.8). In which the substrate was previously dipped , of water temperature of 20 "0 containing 4 x 
10~* M of MnCb to fonn a mixed monomolecular film on the water surface. After evaporation of the soh/ent, 
ttie surface pressure of the monomolecular film was enhanced to 20 mN/m and. while furtfier nnaintaining 
the pressure constantiy. the above substrate previously dipped was drawn up in the direction ti-ansversing 
tiie water surface gentiy at a speed of 3 mm/min. to build up one layer of tiie mixed monomolecular film on 

40 tile electi-ode surface. Subsequently, by repeating dipping and withdrawal so as to transverse the water 
surface gently at tiie same ascending and descending speed of 3 mm/min,, built-up films of 11, 21 and 31 
layers were fonned on ITO. IMext, on ttie film surface, so as to cross at right angle the ITO electrode, Ag 
electrode (film thickness 1000 A) was formed in stripe of 1 mm widtii similariy as in Example 1. 

For the samples as prepared above. V-1 characteristics were measured similarly as in Example. 16 to 

45 obtain the result that memorizable switching characteristic was observed for alt of the samples prepared 
(Rg. 14). The tiireshold voltage value exhibited substantially constant value irrespective of difference in 
upper voltage. The resistance value at ON-state was several tens Q which was similar to in Example 16, but 
ttie resistance value at OFF-state was smaller by one cipher as compared with ttie case of Example 16. but 
a ON/OFF ratio of alxjut a number of 4 cipher is obtained. Smaller resistance value at OFF state may be 

50 considered to be due to ttie semiconductive properties possessed by LuH(Pc)2. Switching speed was 0.1 u 
sec similariy as in Example 16. 



Example 18 

55 

A MIM element was prepared similarly as in Example 16. However, in ttiis case, the mixed mon- 
omolecular. built-up film comprises. 12 layers of mixed monomolecular films mixed at a ratio of 2:1 of a 
polyamideamine salt (PAAD) and bis-[3-stearylben20ttiiazoie-(2)]-trimettiinecyanine iodide. The concentra- 

21 
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tion was 1 x 10*3 M (solvent was a solvent mixture of ben2ene/dimethylacetamide = 1:1). and the 
concentration of the cyanine salt was also 1 x 10*^ M and the solvent was chloroform. Also for 
measurement of V-I characteristic* Example 16 was repeated to obtain memorizable switching- characteris- 
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Examples 19-29 

By use of the electrode materials, insulating materials, layer numbers thereof and molar ratios shown In 
Table 2, samples having the same device structure as in Exampels 16-18 were prepared. The metal 
electrodes were formed by vacuum-vapor-deposition according to the resistance heating method. 

Next, V-I characteristics were measured similarly as in Examples 16 to 18 to give the results shown in 
Table 2. For the samples indicated by the mark O , memorizable switching characteristics were observed. 
Also, repeated stability was evaluated by the number of times until electrode breaking occurs by heat 
IS generation when a triangular wave with a wave height value of ± 8 V and an altemate electrical fieW 
frequency of 2 Hz was continued to be applied continuously, to give tfie results shown in the Table. 

Concerning the mbdng ratio of tiie materials constituting organfc insulation, it may be in the range from 
1:10 to 100:1. particulariy suitably from 1:10 to 10:1. Such molar ratio is not limited to all. 

The organic materials to be mixed are not limited to two kinds, and any desired number of kinds may 
20 be used. 
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In the Examples as described above, the LB method was used for fomnation of the dye insulating layer, 
but a film forming method capable of preparing a very thin and unlfonn Insulating organic thin film may be 
available without limitation to the LB method. Specifically, the vacuum-vapor-deposition method, the 
5 electrolytic polymerization method, the CVD method, etc. may be used, whereby the scope of available 
organic materials can be broadened. 

As already mentioned also for fonmation of electrodes, a film forming method capable of forming a 
uniform thin film on an organic thin film layer Is available, and such method is not limited to the vacuum- 
vapor-deposition method and the sputtering method. 
10 Further, the present invention is not limited at all in the substrate material and its shape. 

The present invention has the following effects. 

(1) In a MIM structure device by use of a thin film of an organic dye monomolecular film built up by the 
LB method, memorizable switching characteristic not found in the MIM element of the prior art was 
exhibited to be obtained. 

75 (2) It has been made clear that a three-terminal device having controllability for the above switching 
characteristic can be obtained by combining the MIM element with an element constituent exhibiting 
resistance or capacitance. 

{3) Owing to the method which forms an insulating layer by building up monomolecular films, film 
thickness control at the molecular order (several A to several tens A) could be realized with ease. Also, due 
20 to excellent controllability, reproducibility during formation of the device is high to give high productivity. 

(4) Since a mixed monomolecular film is used. LB film fonnation has become possible even for a 
material which could not be formed Into a film in the prior art and as the result of increased degree of 
freedom in choice of the materials, various switching characteristics could be found. 

(5) As compared with the switching device constituted only of inorganic materials, degree of freedom is 
25 higher, and also device formation at lower temperature Is possible, and therefore a device having high 

affinity for bfologicai bodies such as molecular electronics, bioelectronics^ etc. can be provided in future. 



Claims 

1. A switching device, characterized by having a periodical layer structure of an organic insulator 
between a pair of electrodes and having memorizability with respect to switciiing charaderistic. 

2. A switching device according to Claim 1, wher^n said organic insulator has a group having v 
electron level and a group having 9 electron level. 

3. A switching device according to Claim i, wherein said periodical layer structure is fomed of LB films. 

4. A switching device according to Claim 2, wherein said organic insulator having a group having v 
electron level and a group having a electron level is selected from dyes having a porphyrin skeleton 
azulene dyes, cyanlne dyes, compounds having fused polycyclic aromatte rings or heterocyclic rings and 
diacetylene compounds. 

5. A svritehing device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the fonnula: 



wherein Ri represents an alkyi group. 

6. A switehing device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the fomiula: 
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wherein Ri represents an alkyi group. 

7. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 
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wherein Ri represents an alkyI group. 

8. A switching device according to Claim 1, wherein said organic Insulator comprises a compound 
having a skeleton represented by the formula: 
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wherein Ri represents an alkyi group. 

9. A switching device according to Claim 1, wherein said organk: insulator comprises a compound 
having a skeleton represented by the fonnuta: 
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Ri 



oe 

C=CH— ^='*S=CH-C rf^, 
O O 




50 wherein Ri represents an altcyl group. 

10. A switching device accordir^ to Claim 1,' wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 
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wherein Ri represents an alkyl group, 

11. A switching device according to Clainri 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 



IS 



20 




wherein Ri represents an aikyi group. 

12. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 



30 




R 1 R 1 



wherein Rt represents an alkyl group. 

13. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 

) 



40 



45 




wherein Ri represents an alkyl group. 

14. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula* 



55 
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wherein Ri represents an alkyi group. 
10 15. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 




wherein Ri represents an allcyl group. 

16. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 



30 



35 




wherein Ri represents an alkyi group. 

17. A switching device according to Claim 1, wherein said organic Insulator comprises a compound 
40 having a skeleton represented by the formula: 



o© 



45 




SO 

wherein Ri represents an alkyi group. 

18. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 

. 55 
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Se 



\ 



N 
I 

R 1 



Se 



N 
I 



)0 



wherein Ri represents an alky! group. 

19. A switching device according to Claim 1, wherein said organic insulator conriprises a compound 
having a s)<e]eton represented by the formula: 



75 



20 




oe 

°>C=C„-^CH-c/° 

1. ° 4 




wherein Ri represents an alkyi group. 
25 ^ ^^'*^^"9 device according to Claim 1, wherein said organic insulator comprises a compound 

having a skeleton represented by the formula: 



so 



35 



40 




I 

R 1 



O© 

C=CH^«^N=CH-C ^ 



N 
I 

Ri 




wherein Ri represents an aficyl group. 

21. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula- 

oe 




I 

R 1 



I 

Ri 




50 wherein Ri represents an alky! group. 

22. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 
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wherein Ri represents an alkyi group. 

23. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a siceleton represented by the formula: 



IS 



20 




wherein Ri represents an alkyI group. 

24. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 



30 




wherein Ri represents an alkyI group. 

25. A switching device according to Claim 1, wherein sakj organic insulator comprises a compound 
having a skeleton represented by the formula: 

40 



•45 




0 



wherein Ri represents an alkyl group. 
50 26. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 



55 
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wherein Ri represents an alkyl group. 

27. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula- 



20 



25 



30 




35 



wherein Ri, Rz. R3 and Ri are independently H, 



45 



CH . 
I ^ 

2 , 3 

CH^ 



-OCsHii. -OC(CH3)3 or 'CH2NHC3H7 and M is H^Cu. ISO. AI-CI or rare earth metal ion. 

28. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 
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30 
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Wherein R is -OCH (COOH) CnHan^i (5 ^ H i 25) and M is H2. Cu. Nl. Zn. AI-CI or a rare earth metal ion. 
15 29. A switchir^g device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 



20 



25 



30 




35 



wherein R is CnHzn^i (5 S n i 25) and M is H?. Cu, Ni, Zn, AI-CI or a rare earth metai ion. 

30. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 



40 



45 




so 



wherein R is C4-C12 alkyl. 

31. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula* 



55 




CnHanCOOH 



32. A switching device according to Claim -1v wherein- said organk: insulator" comprises a cbrhpbund 
having a skeleton represented by the formula: 



31 
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N- (CH2) n-COOH 



33. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
10 having a skeleton represented by the formula: 



O 
II 

C-0 (CH2) n-COOH 



34. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 

CIH3-^CH29-n C«C-C»C4-CH2-^„X 

wherein X is-COOH. -OH or -CONH2 and n is 0 or more and m is 20 or less, provided that the formula (n + 
m > 10) is satisfied. 

35. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 



36. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 

CH3 (CH2) 4 -@H^)-(§)^CN 

37. A switching device according to Claim 1, wherein said organic insulatcw comprises a compound 
40 having a skeleton represented by the formula: 



Fe 



50 




wherein R is CGNHCiaHy or OCOCiTHaB. 

38. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the fonmula- 
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OCOC Yi H 3S 



OCOC n H 35 



39. A switching device according to Claim 1, wherein said organic insulator comprises a compound 
having a skeleton represented by the formula: 



IS 



20 




25 

40. A switching device according to Claim 1. wherein said organic insulator comprises a compound 
having a skeleton represented by the fonnula: 



30 




35 

wherein R is CisHv. 

41. A switching device, comprising a periodical layer structure of an organic Insulator between a pair of 
electrodes, said layer being a mixed monomolecular film or a mixed monomolecular built-up film of an 
amphiphilic compound having a hydrocarbon chain or a polymeric compound having a hydrophobic site 

40 and a hydrophtiic site and a molecule having v electron conjugated system. 

42. A switching device according to Claim 41. wherein in the amphiphlfic compound having a 
hydrocart)on chain, a part or all of the hydrocarbon skeleton have a unsaturated bond. 

43. A switching devfce according to Claim 41, wherein said molecule having v electron conjugated 
system is a dye having porphyrin skeleton, an azylene dye. a cyanine dye, a mekx^yanine dye or a 

45 molecule having at least one aromatic ring or heterocyclic ring. 

44. A switching device accorcfing to Claim 41. wherein for said mixed molecular film or mixed 
monomolecular built-up film, the mixed molar ratio of the amphiphilic compound having hydrocartjon chain 
and the molecule having v electron conjugated system is from 1:100 to 100:1 

45. A switching device, comprising a pair of electrodes and a periodical layer structure of an insulating 
50 or semiconductive organic material between said pair of electrodes, and means for applying electrical 

signals for controlling the switching characteristics of said switching device. 

46. A, switching device according to Claim 45. wherein said switching device has memorizing char- 
acteristic. 

47. A switching device according to Claim 45. wherein said organic material a group having » electron 
55 level and a group having a electron level in the molecule. 
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48. A switching device according to Claim 45. wherein the layer having said organic material is a layer 
comprising a mixture of an amphiphilic compound having a hydrocarbon chain or a polymeric compound 
having a hydrophobic site and a hydrophilic site in combination and a molecule having -n electron 
conjugated system. 

.5 49. A switching device according to Claim 45, wherein said switching device has a MIM structure, and 
also said means for applying electrical signals is connected to a resistance element or a c^acitance 
element 

50. A switching device according to Claim 49. wherein said switching device with MiM structure and the 
resistance element or the capacitance element are formed on the same substrate. 
70 51. A switching device according to Claim 50, wherein said organic material layer with MIM structure 
and said resistance element or capacitance element are formed at the same time. 

52. A switching device according to Claim 50. wherein said organic layer and said resistance element or 
capacitance layer are fomried in separate layers. 

53. A switching device according to Claim 45, wherein said periodical layer structure is a layer structure 
75 formed of an LB film. 

54. A switching device according to Claim 53, wherein said LB film is formed of built-up films. 

55. A switching device according to Claim 54, wherein the built-up number of the built-up films is 2 to 

60. 

56. A switching device according to Claim 49, wherein said resistance element or capacitance element 
20 has an organic material layer formed of a LB film. 

57. A switching device according to Daim 56. wherein said LB film is formed of built-up films. 

sa A switching device according to Claim 57, wherein the built-up number of the built-up films is 2 to 

60. 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9b 



93 




SOOCID: <EP 0268370A2 I > 



0 268 370 



92b 
93b 




FIGJOa 

????????????? 




FIG.lOb 



92b 
93b 



'I^????????????? 




93b 

92b 
93a 

92a 



FIG.lOc 




101 
84 



0 268 370 



FIG. 1 1 
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FIG. 12 
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FIG. 13 
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